Summary: A database containing sub-seasonal to seasonal forecasts from 11 operational 30 centres is available to the research community and will help advance our understanding of 31 the sub-seasonal to seasonal time range. forecasts that fill the gap between medium-range weather and long-range or seasonal 54
3

1) Sub-seasonal to seasonal prediction 74
Demands are growing rapidly in the operational prediction and applications communities for 75
forecasts that fill the gap between medium-range weather (up to 15 days) and long-range or 76 seasonal (3-6 months) forecasts. Skillful sub-seasonal to seasonal prediction (forecast range 77 more than 2 weeks but less than a season) provides an important opportunity to inform 78 decision makers of, for example, changes in risks of extreme events or opportunities for 79 optimizing resource management decisions. Although many challenges remain to make sub-80 seasonal forecasts sufficiently reliable, skillful and tailored for users, a great return on 81 investment in weather and climate science and model development is to be expected if the 82 science and forecast products of sub-seasonal to seasonal prediction can be successfully 83 connected to societal applications. 84
Weather-related hazards, including slow onset of long-lasting events such as drought and 85 extended periods of extreme cold or heat, trigger and account for a large proportion of 86 disaster losses, even during years with other very large geophysical events (e.g., Haitian and 87 Chilean earthquakes) (source Munich Re: 88 http://www.iii.org/sites/default/files/docs/pdf/munichre-010715.pdf). While many end-users 89 have benefited by applying weather and climate forecasts in their decision-making, there 90 remains ample evidence to suggest that such information is underutilized across a wide 91 range of economic sectors (e.g., Morss et al., 2008; Rayner et al., 2005; O'Connor et al., 2005; 92 Pielke and Carbone, 2002; Hansen, 2002) . This may be explained in part by the presence of 93 'gaps' in our forecasting capabilities at the sub-seasonal time scale and in part by the 94 complexity of processes and the numerous facets involved in decision making. Developing
The fundamental goals of the sub-seasonal to seasonal prediction (S2S) research project are 119 to improve forecast skill and understanding on the sub-seasonal to seasonal timescales, and 120 to promote its uptake by operational centers and by the applications community (Vitart et al, 121 2012 ). An extensive database containing sub-seasonal (up to 60 days) forecasts and 122 reforecasts (sometimes known as hindcasts) has been created to enable research to 123 operational pathways to accomplish these goals. It is modelled in part on the THORPEX 124
Interactive Grand Global Ensemble (TIGGE) database for medium range forecasts (up to 15 125 days) (Bougeault et al, 2010) and the Climate-System Historical Forecast project (CHFP) 126 (http://wcrp-climate.org/index.php/wgsip-chfp/chfp-overview) for seasonal forecasts. The 127 research is organized around a set of six topics (Madden-Julian Oscillation, Monsoons, Africa, 128
Extremes, Teleconnections and Verification), each intersected by the cross-cutting research 129 and modeling issues, and applications and user needs. The latest science plans of each sub-130 project are available online (http://www.s2sprediction.net/documents/reports). Some of the 131 main research questions include: 132
• What is the benefit of a multi-model forecast for sub-seasonal to seasonal 133 prediction and how can it be constructed and implemented? 134
• What is the predictability of extreme events and how can we identify windows of 135 opportunity for sub-seasonal to seasonal prediction? 136
137
• What is the best initialization strategy for a forecasting system that includes 138 ocean, land and cryosphere? What is the optimal way to generate an ensemble of 139 sub-seasonal to seasonal forecasts?
• What is the impact of horizontal and vertical resolution of atmosphere and ocean 141 models on sub-seasonal to seasonal forecasts? 142
• What are the origins of the systematic errors affecting sub-seasonal to seasonal 143 forecasts? 144
• How well do state-of-the-art models represent tropical-extratropical 145
teleconnections? 146
• What forecast quality attributes are important when verifying S2S forecasts and 147 how should they be assessed? 148
• What are current S2S forecasting capabilities for daily weather characteristics 149 relevant to agriculture, water resource management and public health, such as 150 heavy rainfall events, dry spells and monsoon onset/cessation dates? 151
• How well do we understand the fundamentals of predictability and dynamical 152 processes of the sub-seasonal variability? 153 154
3) Description of the S2S database 155
The S2S database builds on the experience of creating the TIGGE database and can be seen 156 as its extension to the longer forecasts ranges. The S2S database includes near real-time 157 ensemble forecasts and reforecasts up to 60 days from 11 centers: Australian Bureau of 158 Met Office (UKMO). A key difference with the TIGGE database, is that the S2S database 165 includes reforecasts, whereas none are included in the TIGGE database. For short-range 166 weather forecasts, model error is not usually so dominant that a reforecast set is needed, but 167 for the sub-seasonal to seasonal range model error is too large to be ignored. Therefore an 168 extensive reforecast set spanning several years is needed to calculate model bias. Such 169 reforecasts in some cases can also be used to evaluate skill. The models are also generally 170 different from the TIGGE models. For instance, S2S models can have the atmospheric 171 component coupled to an ocean model and an active sea ice model (Table 1) . 172
173
Because S2S is a research project, the real-time forecasts are only available with a 3-week 174 delay. Table 1 displays the main characteristics of the S2S models. Tables 2, 3 once a day except for maximum and minimum near surface temperature and total 184 precipitation which are available 4 times a day (computed over 6-hour periods). The data is 185 archived in GRIB2 format, and a conversion to NetCDF will be made available. There are plans 186 to add some oceanic variables in the near future, from the coupled ocean-atmospheremodels: sea surface salinity, depth of the 20 degree isotherm, heat content in the top 300 m, 188 salinity in top 30 meters, U and V surface current and sea surface height. It is also planned to 189 include sea-ice thickness for the models which have a dynamical sea-ice model. 190
191
The S2S database is a database of "opportunity", which means that the forecasts have not 192 been produced specifically for the S2S project following an agreed protocol. Table 1 and climate systems, while other centers employ systems used for weather forecasting. This 231 highlights the current lack of consensus on the best practice for sub-seasonal prediction 232 unlike for medium-range and seasonal forecasting and diversity of priorities of operational 233 centers. One of the goals of the S2S project is to make recommendations on the optimalconfiguration of sub-seasonal systems. The S2S database will enable these issues to be 235 addressed by clustering the models sharing similar characteristics (e.g. coupled ocean-236 atmosphere models vs atmosphere-only models; lag vs burst initialization…) and comparing 237 their forecast skill scores. 238 239 Despite the differences in system set-up, there are enough commonalities between them to 240 make inter-comparisons or multi-model combinations possible, as will be shown in Section 3. 241
For instance, almost all of the S2S systems produce real-time ensemble forecasts every 242
Thursday, and have reforecasts covering the period 1999-2010. Therefore, it is possible to 243 create a multi-model combination of the S2S models every Thursday, calibrated using the 244 common period 1999-2010. 245
246
The database is currently updated routinely with near real-time forecasts and reforecasts 247 from nine data providers, namely, JMA, NCEP, BoM, ECMWF, UKMO, CMA, CNRM, CNR-ISAC 248 and HMCR. Data from ECCC and KMA will be available soon. The S2S database is hosted by 249 two archiving centers, ECMWF and CMA, and was opened to the public on 6 May 2015 at 250
ECMWF via the Data Portal and ECMWF Web API (Application Programming Interface) and in 251
November 2015 at CMA. Users can register, visit the data portal and browse the contents of 252 the database, and are encouraged to use the ECMWF Web API to download data in batch. ECMWF. S2S data is archived on tapes into the MARS system (same archiving system as at 264 ECMWF) and also stored into a large online storage system with a preprocessed unified form. 265
The CMA data portal, as the ECMWF data portal, provides descriptions of the models from 266 the different centers and S2S data parameters, in addition to the data download service. Two 267 ways of searching and accessing the data are supported: free text search and faceted search. 268
The method of downloading data is similar to the e-commerce "shopping-cart" through a 269 "Data cart". All the S2S data can be accessed by HTTP currently and OPeNDAP in the near 270 future. The S2S data in GRIB2 format can be directly downloaded at CMA, and data in NetCDF 
Multi-model prediction 281
In order to monitor the S2S forecasts, a basic set of products has been developed, including 283 ensemble mean anomalies for few meteorological parameters and some atmospheric 284 indices. These products are generated routinely at ECMWF from each individual forecast 285 system and for a multi-model combination. Figure 1 shows an example of multi-model 286 prediction of 2-meter temperature anomalies from three S2S models, along with the 287 verification. This figure shows that a cold event in the northeast of US and Canada in 288
February 2015 was well predicted for the day 12-18 time range. These S2S products will be 289 made available on the ECMWF public website to support the S2S community with a 3-week 290 delay by the end of 2016. 291 292
The strong March 2015 MJO event 293
The S2S dataset can be used to assess the performance of current state-of-the-art sub-294 seasonal to seasonal forecasting systems to predict recent extreme events. Phase 6 and 7. In order to assess the skill of the S2S models to predict the probability of a 319 tropical cyclone hitting Vanuatu, tropical cyclones have been tracked in each ensemble 320 forecast member from CMA, JMA, NCEP, ECMWF and BoM using the algorithm described in 321 et al. (1997) . Figure 3 shows the probability of a tropical cyclone strike within a 300 km 322 the Euro-Atlantic sector is likely to limit the predictability and predictive skill over the North 365
Vitart
Atlantic and Europe in the sub-seasonal time range and therefore is an important aspect to 366 be analyzed. 367
The above examples give a flavour of the potential scope for research that the database 370 offers. This database will also help to assess the potential of current operational S2S systems 371 to forecast the extreme events around the globe, which are discussed in the BAMS special 372 annual supplement on extremes, and other events which have led to major humanitarian aid 373 responses. Three important aspects of the S2S database---namely that it contains (a) an 374 archive of real-time forecasts (3 weeks delayed), (b) accompanying re-forecast sets, and (c) 375 that these outputs are from WMO-recognized systems used currently for operational 376 forecasts---make it a uniquely powerful tool for improving operational forecasts and 377 exploring and prototyping decision support elements based on S2S forecast information. The 378 WMO Lead-Centre for Long-Range Forecast Multi Model Ensembles (LC-LRFMME) will have 379 access to the S2S database and will obtain the real-time forecasts without the 3-week 380 embargo, enabling National Meterorological and Hydrological Services (NMHSs) to utilize 381 real-time forecast information in a few years time once the necessary research has been 382 done to estimate and document skill and approval has been obtained by WMO. The S2S 383 database will augment the resources available to developing countries to enable the research 384 in early warning system products. The S2S project is using the database to train young 385 developing-country scientists to access the data, perform the necessary research, and 386 collaborate with international experts. 
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